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Poroelastic Materials 
Poroelastic Materials: 
 2 phases: solid frame 
saturated with fluid 
 Pore cells: closed, open, 
partially reticulated  
Melamine Foam 
 Open Cell 











4-Mic Transmission Loss 















Absorption Measurement Results 
Gap Mounting Fixed Mounting 
25 mm – 12 trials 
38 mm – 12 trials 
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The Biot Theory: Terminology 
The Biot Theory 
 Stress-Strain Relations  Dynamic Relations 
 
 Insert expressions for field variables 
into constraint relations for Front & 
Rear surfaces and Mounting 
condition.  
 Number of equations = Number of 
unknown field variables + Reflection 
coefficient 
 Solve the linear system 
Solution of Field Variables: Example 




Solution for Field Variables: 
Intensity in the Porous Material 




*time-averaged rate of energy 











Intensity: By Phases 
No Facing + Gap Glued Facing + Fixed 
Intensity: By Wave Type 
No Facing + Gap Glued Facing + Fixed 
Predictions vs. Measurements 
Predictions vs. Measurements 
When Intensity in the Air 
is Significant, Agreement 
is Good 
When Intensity in the 
Frame is Most Significant, 
Agreement is Poor 





Total Acoustic Impedance 
Helmholtz Resonator Effect 
 
Combined Foam + Helmholtz 
Resonator System is Similar to 
Measured System 
 
Helmholtz Resonator Effect 
 
Measured Glued 
Facing + Fixed 
with Edge Sealed 
 
But is it really due to edge gaps? 
Summary 
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 Explored the intensity distribution among the two phases & two wave 
types 
 Intensity distribution is dependent on the imposed boundary conditions 
 Frame-borne wave type decays much more slowly than airborne wave type 
 Exchange between wave types is more significant at higher frequencies 
 Compared model predictions with measurements 
 Determined that model-measurement agreement appears to be 
dependent on the boundary conditions applied to the foam sample 
 Agreement appears to deteriorate when Frame plays a larger role 
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Layer of infinite lateral extent 
Ideally: 










































We have expressions for the acoustic 









Apply the field variable equations, expand 
















TL Measurement Results 
25 mm – 12 trials 
F: No Facing 
R: No Facing 
F: Loose Facing 
R: No Facing 
F: Glued Facing 
R: No Facing 
Parameter Estimation 
 Uncertain of parameter 
values: 
• Porosity 
• Flow Resistivity 
• Tortuosity 
• Characteristic Length 
• Shear Modulus 
• Loss Factor 
 
 Allow these to take a 
range of values & predict 
absorption coefficients 
 
 Find the parameter set 
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Plane Waves Only 
Layer of Infinite 
Lateral Extent Finite Sample = 
Unknowns 
Pressure at 2 Points: 
Acoustical Properties: 
Sound Field: 
Poroelastic Material Modeling 
Zwikker & Kosten: 
 Extension of Kirchhoff’s theory for cylindrical pore sections 
 Found there are two waves that propagate in an elastic porous 
material 
 Elastic frame, normal incidence 
 Rosin, Lauriks et al., Bolton 
Biot: 
 Generalized theory using 3-D continuum mechanics, allows for 3-
D wave propagation by 2 dilatational and 1 shear wave 
 Widely applied: soils, foams 
 Described & modified by: Allard and Atalla, Bolton et al. 
Modifications of Biot Theory: 
 Modifications of Coupling Terms:  
 Bolton, Johnson et al., Pride et al., Wilson, Kino 
 Bolton, Champoux-Allard, Lafarge, Kino 
 
Mass & Elastic Coefficients 
Mass Coefficients  Elastic Coefficients 
Viscous Coupling Term Inertial Coupling Term 
Boundary Condition Constraints 
No Facing Loose Film Facing Glued Film Facing 
Sensitivity to Model Inputs 
No Facing + Gap Configuration 
Glued Facing + Fixed Configuration 
 Sample Depth 
 Porosity 
 Flow Resistivity 
 Thermal Characteristic Length 
 Bulk Density 
Key Findings: 
 Facing Area Density 
 Porosity 
 Bulk Density 
 Shear Modulus 
 Poisson’s Ratio 
 Loss Factor 
Key Findings: 
